INTRODUCTION
The prevalence of diabetes is increasing worldwide. Type 2 diabetes mellitus is one of the most common endocrine disorders, affecting almost 6% of the world's population. [1] It is characterized by hyperglycemia resulting from defects in insulin action, insulin secretion, or both. [2] Its prevalence in Asia ranges from 1.2% to 14.6%. [1] In Malaysia, its prevalence is above the average indicated by the International Diabetes Federation for all regions in the world. According to the Malaysian National Health Morbidity Survey 2006, it affected 14.9% of the population aged 30 years old and above in 2006, [3] increasing to 15.2% in 2010 [4] and recently reported to be 22.6%. [5] Despite aggressive diabetes support, Malaysian diabetic patients are mostly poorly controlled, with a mean hemoglobin A1c (HbA1c) of 8.7% and only 22% of patients achieving the treatment goal of <7%. [6] However, <12%, and those who had been treated with diet and oral anti-diabetic agents on a stable dose over the past 3 months were recruited for the study. Those who were on insulin therapy and had significant clinical cardiovascular, renal, or liver disease were excluded from the study. This study was approved by the Clinical Research and Ethics Committee of UKMMC (research project number: FF-138-2005) and all subjects gave their written consent prior to entry into the study.
Data collection
Individual interviews were conducted to collect data on socio-demographic characteristics including duration of diabetes, ethnicity, marital status, educational level, income, and employment status. Subjects were also asked to record all foods and beverages consumed in the 24-h period over 3 consecutive days including 2 weekdays and 1 weekend day. Food records were rechecked with the subjects before being analyzed for discrepancies and omissions, including food preparation, cooking method, food brand name, portion size, and ingredients, to ensure the accuracy and to improve the validity.
Measurements and analyses
All measurements were taken in the morning after fasting for at least 10 h. Subjects were weighed using a digital weighing scale (SECA; London British Indicators, UK) to the nearest 0.1 kg in light clothing without shoes. Height was measured without shoes by the height attachment on the same weighing scale (SECA; London British Indicators Ltd) to the nearest 0.1 cm. Weight and height measurements were used to calculate the body mass index (BMI). Waist circumference was also measured to the nearest 0.1 cm. Blood pressure was measured using a fully automatic blood pressure monitor (Omron M4-I; Omron Healthcare Europe BV, Hoofdorp, The Netherlands).
Fasting blood samples were drawn through the antecubital arm vein for glucose, HbA1c, insulin levels, and lipid measurements. Blood was centrifuged for 10 min at 3000 rpm and serum and plasma was stored frozen at −20°C until analysis, except that for HbA1c analysis. The blood for HbA1c was refrigerated at 4°C and analyzed within a week of collection. Fasting serum glucose, HbA1c and plasma lipid components (triglyceride, total and highdensity lipoprotein [HDL]-cholesterol) were measured using a COBAS Integra(R) 800 automated analyzer (Roche Diagnostic, Basel, Switzerland) with a specific enzymatic assay. Serum low-density lipoprotein (LDL) was calculated using the Friedewald et al. equation. [7] Plasma insulin was determined using a solid-phase, two-site chemiluminescent enzyme-labeled immunometric assay (Immulite (R) 1000 Analyzer; Diagnostic Company Procedure, Deerfield IL USA). The relative insulin resistance introduced as a homeostasis model assessment (HOMA-IR) was estimated according to Matthews et al. equation . [8] Nutrient analysis was performed using a computerized dietary analysis program (Nutritionist Pro Version 2.0; FirstData Bank, The Hearst Corp., New York). In this analysis, total carbohydrate referred to the sum of total starch, excluding fiber. The crude fiber content was listed in the Malaysian food composition table; [9] . Therefore, the total fiber content calculated from the dietary record analyses was reported as crude fiber. Assessment of under-reporting, normal reporting, and over-reporting of calorie intake by subjects was conducted based on Goldberg et al. criteria. [10] Statistical analysis Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) software (SPSS version19. Inc., Chicago, IL, USA) and the significance level used for all tests was set at P < 0.05. Results were expressed as mean ± standard deviation. Normality was checked prior to each analysis and an equivalent nonparametric test was conducted as an alternative where appropriate. To determine associated risk factors for glycemic control, univariate and bivariate logistic regression were conducted. Poor glycemic control was considered as HbA1c >6.5%. In univariate logistic regression, each independent variable was analyzed to determine any significant association with glycemic control. Using a backward stepwise logistic regression, all factors found to be significant during the univariate logistic regression were entered together in a multivariate analysis to obtain the adjusted odds ratio (OR). The findings of the first step and final model were presented using the crude OR and adjusted OR, respectively; with a 95% confidence interval and corresponding P value.
RESULTS
A total of 104 subjects (40 male (38%)) were recruited into this study. Their mean age was 56.7 ± 9.94 years old and the mean duration of diabetes was 6.5 ± 5.0 years [ Table 1 ]. Only 8.6% of the subjects worked as professionals and the rest were semi-professionals, workers, pensioners, housewives, or unemployed. The majority of the subjects had a monthly household income of <1000 RM while 20.2%, 8.6%, and 12.5% had an income of 1001-3000 RM, 3001-5000 RM, and above 5000 RM respectively. With respect to diabetes treatment, the majority of subjects (90%) were treated with oral anti-diabetic agents either on single (29%) or dual (61%) drugs whereas the rest were treated by diet alone. Hyperlipidemia was the most common pharmacologically treated co-morbid condition, with 76% of the subjects using lipid-lowering drugs (statins and/or fibrate). More than half of the subjects (59%) were taking anti-hypertensive drugs, which included B-blockers, angiotensin converting enzyme inhibitors, anti-diuretics and/or calcium antagonists.
Most of the subjects were non-smokers, but 7 (6.7%) subjects were still actively smoking. A small proportion of the subjects (10%) reported moderate alcohol consumption. In terms of self-reported exercise activities, only a small percentage of the subjects (10.6%) exercised daily while the majority of subjects (60%) rarely or never exercised at all. Thirty-seven percent of those who reported doing exercise spent around 15-30 min exercising during each session three to four times a week.
Glycemic control and metabolic parameters
The average fasting blood glucose and HbA1c of the subjects were higher than the treatment goals. Only 28% and 20% of the subjects had fasting glycaemia and HbA1c at optimum levels [ Figure 1 ]. More than half of the subjects (62%) were either overweight or obese [ Figure 2 ] with the majority manifesting abdominal obesity [ Figure 1 ]. On average, systolic blood pressure and LDL-cholesterol were higher than the recommended levels. There were no statistically significant differences between men and women in terms of glycemic and metabolic status. However, women had a significantly higher mean BMI and lower mean waist circumference compared to men (P < 0.05) [ Table 1 ].
Dietary intake
While intake of energy, carbohydrate, protein, and fat was significantly higher among men, the percentage of calories derived from carbohydrate, protein, and fat was comparable between men and women [ Table 2 ]. Nevertheless, about 55.8% of the subjects were under-reporting their energy intake with none of them over-reporting their energy intake. Cholesterol and sodium intake were significantly higher among male than female diabetics (P < 0.05) while calcium, Vitamin C, and fiber intake were below recommended levels suggested for Malaysian diabetic patients.
Factors associated with glycemic control
The type of treatment, HDL level, and frequency of exercise per week each made a significant contribution to glycemic control [ Table 3 ]. The crude ORs showed that levels of HDL, frequency of exercise, and type of treatment contributed significantly to poor glycemic control. The adjusted OR showed that subjects who had below normal levels of HDL were 3.235 (1.043-10.397) times more at risk of poor glycemic control. In addition, the odds of having poor Obese; *P < 0.05 = Significant difference between men and women according to independent sample t-test; **P < 0.001 = Significant difference between men and women according to independent sample t-test; † P < 0.05 = Significant difference between men and women according to independent sample t-test using log weight; ‡ P < 0.05 = Significant difference between men and women according to Mann-Whitney U test. glycemic control among those who were treated with one and two types of OAD agents were 19.9 (2.959-87.391) and 14.3 (2.647-77.500), respectively, compared with those being under treatment with diet alone.
DISCUSSION
This study described the general characteristics of and factors associated with poor glycemic control among a sample of Malaysian type 2 diabetics from a selected outpatient clinic of the University Hospital. Subjects in this study were on average in their 50s. Data obtained from the National Health Morbidity survey II showed that the highest prevalence of known diabetes was among those aged 60-64 years (26.1%). [3] Only 20.2% and 27.9% of these patients achieved the target for HbA1c and fasting blood glucose according to recommended levels for Malaysian diabetic patients; these rates were similar to those for other diabetic patients from another Malaysian government university hospital. Such levels of HbA1c are a concern as tight glycemic control is important to prevent or minimize the development of diabetes-related complications in patients with type 2 diabetes. [11] Subjects in this study also suffered other diabetes-related comorbidities such as hyperlipidemia, hypertension, and obesity. Overall, the evidence shows that the conventional dietary and medical approaches fail to achieve favorable glycemic control in Malaysian diabetic patients, and there is a tangible need for complementary approaches to improving glycemic control. [12] The mean BMI of the subjects in this study was 26 kg/m 2 , indicating that on average, subjects were overweight. The prevalence of overweight and obesity in the study subjects was 86.5%, similar to the prevalence in diabetic patients in Kelantan. [11] However, the prevalence of overweight and obese in this study was more than double compared to what reported in the national diabetes study conducted in Kelantan 10 years ago. [13] This discrepancy could be due to the passage of time. However, the mean BMI of the Asian subjects in this study was lower compared to that of patients from other ethnic backgrounds. For example in a study in the United States, the mean BMI of African-American and Native Hawaiian was 27.9 and 28.4, respectively. [14] These data confirm that the risk of type 2 diabetes starts at a lower BMI for Asians than other ethnicities. [15] Indeed, most subjects had a waist circumference above the normal range, reflecting central obesity. Studies showed that Asian populations, especially South Asians, are more prone to abdominal obesity which leads to increased IR compared with their Western counterparts. [16] Only a small percentage exercised daily, while 59.6% of the subjects rarely or never exercised. This percentage is one-fold higher than that reported by Nelson et al., [17] who found that 31% of adults with type 2 diabetes in the US did not exercise regularly. Similar data from diabetic patients in Kelantan also showed that the majority of diabetic patients do not perform physical activity regularly. [11] Indeed, for those who reported regular exercise (36.5%), the time spent exercising (15-30 min for each session 3-4 times a week) was far below the recommendation for diabetic patients [18, 19] of 150 min of moderate intensity exercise per week.
Despite the high prevalence of overweight and obesity in this population, only 23% of the subjects were consuming more energy than they actually required, which may be due to under-reporting in 55.8% of subjects. This study found that the percentage of total calories consumed as carbohydrate, protein, and fat was 55.7, 16.5, and 27.5 respectively, which is consistent with a previous study by Moy and Suriah. [20] These proportions did not exceed the levels recommended for Malaysian diabetic patients. [21] The sodium intake of male subjects exceeded recommended levels while the intake of calcium, fiber, and Vitamin C was below the range recommended for Malaysian diabetic patients. [21] In the agreement with the present study, other studies showed that poor compliance to diet and physical activity among Malaysian diabetic patients has always been a matter of concern. [22] [23] [24] Efforts should be made to enhance diabetic patients' awareness regarding the notorious impact of a healthy lifestyle on glycemic control and preventing diabetes complications.
In this study, type of treatment, lack of physical activity and low levels of HDL were potential risk factors for poor glycemic control. The association between increasing physical activity levels and improvements in glycemic control has been demonstrated by several studies. [18, [25] [26] [27] The odds of having poor glycemic control in patients who rarely did exercise or were less physically active were significant. However, they were no more significant in the adjusted ORs. One possible explanation is that exercise modulates glycemic control by increasing HDL. The association between exercise and HDL level was previously reported by several studies. [28, 29] Indeed, patients who were taking two types of OAD also had higher odds of having poor glycemic control compared to those treated with diet alone or one type of OAD. Although an association between higher number of medications and an unfavorable glycemic outcome has previously been reported, [30] the causality link is questionable, that is, doctors will prescribe more medications to those who are poorly controlled. The subject's compliance to medication can also contribute to this association, but was not taken into account in this study. Worth mentioning that only few numbers of the subjects in this study was under treatment with diet alone. This fact weakened the results derived from this part.
Despite previous reports of the association between dietary fiber and glycemic control, [31, 32] this study found no evidence of such an association. One explanation is that since only a few subjects met the requirements for fiber intake, the statistical analysis was unable to show any significant association. Overall low fiber intake in diabetic patients could be a matter of concern, and medical nutrition therapy should place more emphasis on increasing fiber intake.
With regards factors associated with poor glycemic control, other studies have highlighted other associated risk factors, including a longer duration of diabetes, [30, 33, 34] age, [30] LDL, HDL, and blood pressure. [35] However, this study found no evidence of any association between the mentioned variables and glycemic control.
Small sample size should be mentioned as one of the limitations of this study. Indeed, this study was limited to a sample from a selected teaching hospital, and thus data from other centers are required to determine whether the finding in this study can be generalized to the diabetes care setting. Furthermore, the population in this study was that of diabetic outpatients excluding those who were under insulin therapy. Under-reporting by the subjects and not measuring their compliance to medications are other limitations of this study. Despite these inherent limitations, data from this study can be used as a baseline for further research in this area. Indeed, the present study is one of the few studies to assess in detail the diet of Malaysian type 2 diabetic patients.
CONCLUSION
Subjects of this study were mostly overweight and obese with having abdominal obesity. They had low intake of fiber; calcium and Vitamin C compared to recommended levels for type 2 diabetic patients. Besides, hypertension and dyslipidemia were also prevalent among subjects of this study. Poor glycemic control was prevalent among diabetic patients and can be contributed to a lack of appropriate levels of physical activity, low levels of HDL, and a higher number of medications. Future research should further evaluate the contribution of factors affecting glycemic control in a larger population.
